Stereomorphic profiles of three types of spermatogonia and their topographical distribution in the basal portion of the seminiferous epithelium of adolescent or adult rats were studied mainly with the scanning electron microscope.
Recently, the morphological characteristics of four types of spermatogonia have been clarified in the human seminiferous tubules, using the transmission electron microscope (TEM) (RoWLEY et al., 1971; SCHULZE, 1979) . Rat spermatogonia are roughly divided into undifferentiated (A) and differentiated (B) cells, but a more detailed clarification by TEM has not yet been sufficiently performed in rats, although seven types of rat spermatogonia have already been ascertained by light microscopy (LM) (CLERMONT and BUSTOS-OBREGON, 1968; CLERMONT,1972; HUCKINS and OAKBERG, 1978; DYM and FAWcETT, 1971) . The types of spermatogonia in rats are generally identified from LM or TEM criteria such as shape and stainability of the nucleus, cell arrangement and location related to the basement membrane, but the cell-contour along close spermatogonial lines is apt to be similar.
The spermatogonia and their daughter cells often overlap during individual stages in the first cycle of rat spermatogenesis (CLERMONT and BUSTOS-OBREGON, 1968; HUCKINS and OAKBERG, 1978) . Therefore, there is a possibility of misjudging cell types when only nuclear morphology is taken into account after a single TEM study.
With SEM, we have succeeded in disclosing the stereomorphic profiles of rat spermatogonia located in the basal portion of the seminiferous epithelia after enzymatic digestion MURAKAMI, 1981, 1982) . This is the most suitable technique for observation of 3-dimensional profiles of the spermatogonia and their topographical distribution at an ultrastructural level. It was predicted that undifferentiated cells would more frequently appear in the basal portion of the seminiferous epithelia of the adolescent rats than in the adult rats. This study was made, mainly using SEM, in order to clarify the types of spermatogonia and their topography in the basal portion of the seminiferous epithelia in the adolescent and adult phases of the rat.
MATERIALS AND METHODS
The testes of Wistar adolescent rats, aged 40 days after birth, were obtained.
As a control, the testes from adult rats aged more than 60 days after birth were used. These rats were anesthetized by an intramuscular injection of Ketaral (0.3-0.5 ml/100g B.W.) and perfused with physiological saline to flush out the blood.
Preparation for scanning electron microscopy
The testicular parenchymal portion was obtained after taking off the tunica albuginea from the unfixed testes, after which it was digested enzymatically for 60 or 90 min at 3TC in order to remove the tunica propria of the seminiferous tubule MURAKAMI, 1981, 1982) . The enzyme solution was composed of a phosphate buffer containing a few mM of CaCl2, collagenase (150 to 200 I.U./ml, Sigma, type II) and trypsin (40 I.U./ml, Merk). After digestion, pieces of the separated tubules were prefixed in 2.5°o glutaraldehyde-2% paraformaldehyde/cacodylate buffer (pH 7.4), postfixed by buffered 2°o 0504 solution, dehydrated in an ascending series of acetone, critical-pointdried by liquid CO2, sputtered with gold, and observed with an SEM (Hitachi field emission type HFS-2).
The size evaluation of the seminiferous tubules and the basal area of spermatogonia in both rat groups were measured with a picture analyzing system (MOP/AMOI, Eiko Co. LTD., Japan) and stochastically tested with a desk top computer (Canon BX-10).
Preparation for transmission electron microscopy After removing the blood by saline infusion, the fresh testes were also perfused by the above fixative. Small blocks from these fixed testes were further immersed in the same fixative for 2 hrs, postfixed in buffered Os04 solution, dehydrated in a series of acetone, and embedded in Epon 812. These specimens were thin-sectioned with an ultramicrotome (Porter-Blum, MT-1), double-stained in uranyl acetate and lead citrate solutions, and observed with a TEM (Hitachi-HU-12As).
RESULTS
After removing the tunica propria of the objective tubules by enzymatic digestion, the diameter of the seminiferous tubules in both groups was measured. The values ranged from 90 to 150 tcm in the adolescent rats. The average diameter with standard error was 130±18 tcm in the adolescent and 210±29 ,um in the adult. The latter was stochastically bigger than the former (P < 0.01).
As for size and contour, the exposed spermatogonia in adolescent rats were divided into three types as shown in Table 1 . They were large-, medium-and small-sized cells. The majority of the clones of the large cells were flat and long fusiform or diamond-shaped, while some of them were discoid in contour ( Fig. 1, 2) . The large cells were connected by intercellular bridges to form long, complicated cords which were composed of as many as 36 cells (Fig. 1) . The longest cord roughly resembled the letter H. Many of the large cells often had ramified or thorn-like cytoplasmic to 10 were taken from adult rats. These SEM features were taken from tubule specimens which were digested with a solution containing collagenase (170 LU./ml) and trvpsin (40 LU./ml) for 60 min at 37°C. 1 2 processes in which organellae, except for ribosome and microtubules, were absent (Fig.  2, 3) .
The medium cells, smaller and more spherical in comparison with the large ones, showed discoid to elliptical contours (Fig. 4) . These cells were also connected by intercellular bridges to form short single cords which were composed of 6 to 8 cells. These Table 1 . Configuration and relative basal area in three types of spermatogonia and Sertoli cells in the adolescent (R40S) and the adult (R60S) rats cords roughly looked like the letters I or L. Only rarely were few medium cells found singularly or in pairs. Cytoplasmic processes of the medium cells were seldom present; these were thorn-like, but were not ramified as in the large cells. The small cells were mostly round in all spermatogonia and showed oval or spherical contours without cytoplasmic processes (Fig. 5) . These cells circumscribing one Sertoli cell with the help of intercellular bridges formed an open polygon, but not a closed one. The adjoining polygon was also connected by bridges, and resultantly formed an open polygonal network as a large syncytium.
From TEM findings of these spermatogonia, only two different types of cells, not three, could be discerned in the adolescent rats (Fig. 6, 7) . One of these had a round nucleus with a regularly dispersed heterochromatin and eccentric nucleolus. Its cytoplasmic membrane was in broad contact with the basement membrane.
The light cytoplasm contained large mitochondria with lamellated cristae, polysomes, welldeveloped Golgi complexes and rough endoplasmic reticulum (rER) with a narrowed or dilated lumen. The other type of cell was small and spherical, and included a round or ovoid nucleus with electron dense heterochromatin attached to the nuclear membrane. In the dark cytoplasm, there were small mitochondria, polysomes and rER with a dilated lumen. Most parts of the latter cell bodies were embedded deeply into the basal cytoplasmic portion of Sertoli cells. From these TEM findings in the nucleus, cell contour and localization to the basement membrane, it is thought that the former type of cell may corresponded to the large and/or the medium cell in the SEM pictures, and the latter to the small cell. As to the location of spermatogonia, it was a tendency for the large and medium cells to be mainly observed in the narrow tubules, whereas the small cells were frequently found in the broad tubules. The cell body of the latter types of cell was embedded in the basal portion of Sertoli cell, while that of the former was attached to the basal portion of Sertoli cells.
In the adult rats, three types of spermatogonia were found in the basal portion of the seminiferous epithelium (Fig. 8-10 ), and their relative areas were larger than those in the adolescent rats (Table 1) . The small cells were more frequently found in the basal portion of the major parts of the seminiferous epithelium, but the large and the medium cells were less frequently found in the same portion of the epithelium.
Of the three types of spermatogonia, the small and the medium cells in the adolescent rats and the adult ones closely resembled each other in contour, but the large cells were slightly different from maturity.
A majority of the large cells in adult rats showed an irregular, polygonal configuration with thorn-like processes, but they were flat and long fusiform with bifurcated cytoplasmic processes in the adolescent rats.
DISCUSSION
In this SEM study, spermatogonia were classified into three types, large-, medium-and small-sized cells, in the basal portion of the seminiferous epithelia in both rat groups. The large and the medium cells were frequently found in the basal portion of the nar- Fig. 7 . Another type of spermatogonia has an round or ovoidal nucleus with heterochromatin attached to the nuclear membrane.
The relatively dark cytoplasm is deeply embedded in the basal portion of the Sertoli cells.
x 7,100 row seminiferous tubules in the adolescent rats, while the small cells were preferentially disclosed in the broad seminiferous tubules in the same rats. It is thought that this difference in location may reflect a difference of stage in spermatogenesis, paralleling an increase in the width of the tubules.
However, this difference in location was not observed in the adult rats.
Even the configuration of the large cells varied from long fusiform in the adolescent rats to polygonal in the adult rats. It remains unclear whether this difference may be attributed to phase differences in a long mitotic cycle, or to their actual figures. The medium and the small cells in both rat groups were quite similar in contour, though their size in the adolescent rats was slightly smaller than that in the adult rats. A tendency for Sertoli cells to be smaller was also observed in the adolescent rats. Therefore, variability in size may result from a difference in tubular development.
When observing spermatogonia of the adolescent rats by TEM, only two different cell types could be discerned according to their cytological characteristics.
In one type of cell organellae, aspects such as large mitochondria with lamellated cristae and welldeveloped Golgi complexes appreciably resemble those of gonocytes in newborn rats and transitional cells in juvenile rats (GURAYA, 1980) . But the gonocyte and the transitional cells tend to be located more deeply than the large and the medium cells. The other type of cell included small, dense mitochondria, many polysomes and oval or round nuclei with heterochromatin attached to the nuclear membrane. The latter seem to be differentiated cells and the former undifferentiated ones. From LM (light microscope), TEM and SEM criteria such as morphology of nuclei and cytoplasm (CLERMONT and BUSTOS-OBREGON, 1968; CLERMONT, 1972) , the presence of cytoplasmic processes (MOENS and Go, 1972) , contour and size of the cells (EDDY and KAHRI,1976; HAMASAKI and MURAKAMI, 1981) , it has been suggested that the large and the medium cells in both rat groups correspond to undifferentiated spermatogonia and the small cells to differentiated ones.
Furthermore, within one clone in a tubule, the small and the medium cells showed approximately uniform contour and size, but configuration of the large cells was appreciably variable.
For example, during mitosis, cultured L cells or germ cells become round or fan-shaped during Gl; and polygonal during S and G2 (OHNISHI,1981; BEAMS and KESSEL,1976) . Most of the large cell were flat and long fusiform or diamond-shaped, and some of them were discoid. The latter cells seem to be in the Gi phase, while the former cells are in the S and G2 phases of their cycle. Regarding the mitotic cycle, the uniformity of the medium cell contours within a clone, in addition to those of the small cells, may suggest that their cell divisions are synchronized almost completely. Accordingly, variability in contour of the large cells may indicate desynchronization.
In addition to the morphological features of the spermatogonia mentioned above, the presence of intercellular bridges is an important criterion when deciding whether the spermatogonia disclosed belong to a specific clone or not (Lox, et al., 1982; MoENS and Go, 1972) , and allows us to ascertain their topographical distributions.
It is clear that spermatogenesis starts from the line of the undifferentiated spermatogonia. Undifferentiated spermatogonia in rodents are subdivided into A-single(As), A-paired (Apr) and A-aligned(Aal) cells according to their topographical relationship to the basement membrane of the epithelia at the LM level (HucKINs and OAKBERG, 1978; Lox et al., 1982) . The intercellular bridges and the distribution pattern of the three types of spermatogonia are more easily observed by SEM than by LM or TEM. A few medium cells are arranged singularly(As) or in pairs(Apr), but most of them form short, single cords(Aal) in both groups. In general, as Aal medium cells were encountered in clones of 4, 8, or less than 16 cells, Aal clones of 16 cells were apparently very rare. In clones of the large cells, 8 to 16 cells were generally encountered, being connected by intercellular bridges to form long complicated cords(Aal). It is of great interest that a clone of 36 large cells was only seen once in the narrow tubules of the adolescent rats. Similarly, clones of 32 cells were seen only twice in the Chinese hamster and the ram (Lox et al., 1982) . In the rat, up to 4% of the undifferentiated cell clusters contained more than 16 (often 32) cells (HucKINs, 1971) . From this it is suggested that a few medium cells can be regarded as stem cells, the majority as proliferating cells and the large cells as further developed proliferative cells in the first cycle of spermatogenes is in the rat.
From the relationship between cell morphology and topography, it may be possible that a flat and long fusiform cell contour is much more suitable for the large cells of the adolescent rats for moving along the basement membrane with minimum friction of the driving force, as compared with polygonal in the large cells of the adult rats or discoid in the medium cells of the adolescent rats. On the other hand, form and arrangement, like polygonal networks, may be suitable for embracing the basal cytoplasm of Sertoli cells.
